
Obesity is a common public fitness hassle with 
important clinical (Type 2 diabetes mellitus, cardio-
vascular and cerebrovascular sicknesses, digestive and 
respiration issues, cancer), psychosocial and mone-

tary outcomes inside the global.1 In the European Car-
diovascular Disease Statistics study published in 
2018, the reported obesity rates for Turkish men and 
women were 35.8% and 22.9%, respectively.2 
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ABS TRACT Objective: Chronic inflammation in obesity is the main 
factor that increases insulin resistance by causing changes in insulin 
sensitivity. Our study aimed to investigate the relationship between in-
sulin resistance and C-reactive protein (CRP), uric acid, and fibrino-
gen levels in different body mass indexes (BMI). Material and 
Methods: In our study, patients who applied to our hospital with the 
complaint of overweight in 2021-2022 were retrospectively analyzed, 
and 149 women aged 20 and over were included in the study. Glucose, 
uric acid, total cholesterol, high-density lipoprotein cholesterol, low-
density lipoprotein cholesterol, triglyceride (TG), CRP, insulin, fib-
rinogen results, which were measured simultaneously with the height 
and weight measurements of the patients, were obtained from the lab-
oratory information system. Results: The patients included in the study 
were 25 normal weight, 56 overweight, 53 obese and 15 morbidly obese 
according to BMI. The uric acid and TG levels of the overweight group 
were found to be significantly higher than the normal group (respec-
tively; p=0.012, p=0.031), the CRP level of the morbidly obese group 
was found to be significantly higher than the normal, overweight, and 
obese groups (respectively; p<0.001, p<0.001, p=0.006). A significant 
positive correlation was found between Homeostatic Model Assess-
ment for Insulin Resistance and CRP and uric acid (respectively; 
r=0.219, p=0.009; r=0.353, p<0,001). Conclusion: We think that uric 
acid levels in the early stage of obesity and CRP levels in the advanced 
stage may be a guide for insulin resistance and obesity-related diseases. 
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ÖZET Amaç: Obezitede görülen kronik inflamasyon, insülin duyarlı-
lığında değişikliğe neden olarak insülin direncini artıran temel faktör-
dür. Çalışmamızda, farklı beden kitle indekslerinde (BKİ) insülin 
direnci ile C-reaktif protein (CRP), ürik asit ve fibrinojen düzeyleri ara-
sındaki ilişkiyi araştırmayı amaçladık. Gereç ve Yöntemler: Çalışma-
mızda, 2021-2022 yıllarında fazla kilo şikâyeti ile hastanemize 
başvuran hastalar retrospektif olarak incelendi ve 20 yaş ve üzeri 149 
kadın çalışmaya dâhil edildi. Hastaların boy ve kilo ölçümleri ile eş za-
manlı olarak ölçülen glukoz, ürik asit, total kolesterol, yüksek dansiteli 
lipoprotein kolesterol, düşük dansiteli lipoprotein kolesterol, triglise-
rid (TG), CRP, insülin ve fibrinojen sonuçları laboratuvar bilgi siste-
minden alındı. Bulgular: Çalışmaya dâhil edilen hastalar BKİ’ye göre 
25 normal kilolu, 56 kilolu, 53 obez ve 15 morbid obezdi. Aşırı kilolu 
grubun ürik asit ve TG düzeyleri normal kilolu gruba göre anlamlı ola-
rak yüksek (sırasıyla; p=0,012, p=0,031), morbid obez grubun CRP dü-
zeyi normal, fazla kilolu ve obez gruplara göre anlamlı yüksek bulundu 
(sırasıyla p<0,001, p<0,001, p=0,006). İnsülin Direncinin Homeostatik 
Modeli Değerlendirmesi ile CRP ve ürik asit arasında anlamlı pozitif 
korelasyon saptandı (sırasıyla; r=0,219, p=0,009; r=0,353, p<0,001). 
Sonuç: Obezitenin erken evresinde ürik asit, ileri evresinde ise CRP 
düzeylerinin, insülin direnci ve obezite ile ilişkili hastalıklar için yol 
gösterici olabileceğini düşünüyoruz. 
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Many factors have an important effect on the 
pathogenesis of obesity. Inflammation, characterized 
by the infiltration of adipose tissue by macrophages 
and abnormal cytokine production, is one of the factors 
leading to insulin resistance, impaired glucose intoler-
ance, and diabetes.3,4 With the increase in body mass 
index (BMI), the release of inflammatory mediators 
increases. Developing chronic inflammation is the 
main factor that increases insulin resistance by causing 
changes in insulin sensitivity as a result of pathologi-
cal changes in β cells and insulin-sensitive tissues.5 

C-reactive protein (CRP) is a non-particular 
acute phase reactant produced through the liver be-
neath the manipulation of cytokines, especially inter-
leukin-6.6 CRP has been reported to be a diagnostic 
and prognostic biomarker for acute infections as well 
as for various chronic diseases. It has been suggested 
that CRP is an inflammatory marker with an impor-
tant role in energy balance, body weight, insulin sen-
sitivity, and glucose homeostasis.7 

Uric acid, the final made from purine metabolism 
in human beings, acts as an antioxidant and constitutes 
55% of the entire antioxidant ability of biological flu-
ids.8 Although uric acid is an important antioxidant in 
the plasma, it exerts a potent pro-oxidant activity once 
inside the cell. The mechanism underlying the dual role 
of uric acid as an antioxidant and prooxidant is largely 
unknown.9 It is accepted that the main cause of insulin 
resistance is oxidative stress in adipose tissue. Hyper-
uricemia-induced changes in the oxidative homeostasis 
of adipose tissue have suggested the potential role of 
uric acid as a cause of insulin resistance.10 In epidemio-
logical studies, it has been suggested that there is a pos-
itive correlation between insulin resistance, diabetes, 
metabolic syndrome, and high uric acid levels.11,12 

Fibrinogen, which has been suggested to be one 
of the main factors responsible for blood viscosity, is 
a plasma protein that plays an important role in blood 
coagulation. Fibrinogen levels, one of the subclinical 
inflammation biomarkers, are acutely elevated in in-
flammatory conditions. It has been suggested that in-
sulin resistance and hyperinsulinemia stimulate 
fibrinogen synthesis, and an increase in fibrinogen lev-
els is observed before the development of diabetes.13,14 

Although there are various publications in the 
literature investigating the levels of CRP, uric acid, 

and fibrinogen in obesity, we could not find a study 
in which these parameters were evaluated simultane-
ously in different BMI. Therefore, our study aimed 
to investigate the effects of CRP, uric acid, and fib-
rinogen levels on insulin resistance in different BMI. 

 MATERIAL AND METHODS 
The study was initiated with 293 (42 males, 251 fe-
males) cases who applied to the general surgery and en-
docrinology clinics of our hospital with the complaint 
of being overweight in 2021-2022. 102 cases in women 
and 33 cases in men were excluded from the study. 
While 149 female cases aged 20 years and over were 
included in the study, 9 male cases were excluded due 
to the small number of cases. All data on women were 
obtained retrospectively from the Hospital Information 
Management System. Those using drugs for hyperten-
sion, hyperuricemia, and dyslipidemia, those with car-
diovascular disease, diabetes mellitus, rheumatoid 
arthritis, collagen tissue disease, liver and kidney fail-
ure, and pregnancy and acute infection diagnosis codes 
were excluded from the study. Helsinki Declaration 
principles were considered and applied during our 
study. The written informed consent form was not ob-
tained from the participants because our study was 
planned retrospectively. Tepecik Training and Research 
Hospital Ethics Committee approval were received for 
our study (date: August 15, 2022,  no: 2022/08-04). 

BMI= weight(kg)/[height(m)]2 was calculated with 
the formula. Individuals, according to BMI; were divided 
into 4 groups morbidly obese (≥40.00 kg/m2), obese 
(BMI 30.00-39.99 kg/m2), overweight (BMI 25.00-29.99 
kg/m2), and normal weight (BMI 18.50-24.99 kg/m2).15 

Glucose, uric acid, total cholesterol (TC), high-
density lipoprotein cholesterol (HDL-C), low-density 
lipoprotein cholesterol (LDL-C), triglyceride (TG), 
CRP, insülin, and fibrinogen results, which were 
measured simultaneously with the height and weight 
measurements of the patients, were obtained from the 
laboratory information system. 

In our laboratory, AU 5800 (Beckman Coulter 
Inc., CA, USA) device is used for the analysis of uric 
acid, glucose, TG, TC, LDL-C, HDL-C, and CRP 
tests. DXI-800 (Beckman Coulter, Fullerton CA, 
USA) immunoassay device is used for the analysis of 
insulin parameter, and Sysmex CS-2500 (Sysmex 
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Corporation, Kobe, Japan) analyzer is used for the 
analysis of fibrinogen levels. Insulin resistance was 
calculated by the usage of the “Homeostasis Model 
Assessment of Insulin Resistance (HOMA-IR)” for-
mula (Insulin (U/L)xGlucose (mg/dL)/405).16 

The acquired data had analyzed using the “SPSS 
24.0 (SPSS Inc., Chicago, USA)” software. The com-
patibility of the variables with normal distribution 
turned into tested with the Kolmogorov-Smirnov test, 
and Kruskal-Wallis and Mann-Whitney U statistics 
were used for intergroup comparisons since they did 
not fit the normal distribution. The correlation be-
tween anthropometric measurements and biochemi-
cal parameters was analyzed by Spearman correlation. 
Data were expressed as median (interquartile range). 
p<0.05 level was considered statistically significant. 

 RESULTS  
According to the participants’ BMI; 25 (16.8%) were 
normal weight, 56 (37.6%) were overweight, 53 
(35.5%) were obese and 15 (10.1%) were morbidly 
obese. A statistically significant difference was found 
between normal-obese, normal-morbidly obese, over-
weight-obese, and overweight-morbidly obese groups 
in insulin (respectively; p<0.001, p=0.001, p<0.001, 
p=0.005), HOMA-IR (respectively; p<0.001, p<0.001, 
p<0.001, p=0.004), TG (respectively; p=0.002, 
p=0.005, p=0.048, p=0.029), HDL-C (respectively; 

p=0.001, p=0.004, p=0.001, p=0.017), CRP (respec-
tively; p<0.001, p<0.001, p=0.003, p<0.001), uric acid 
(respectively; p<0.001, p<0.001, p<0.001, p<0.001), 
and fibrinogen levels (respectively; p=0.004, p=0.002, 
p=0.047, p=0.027). In addition, the uric acid and TG 
levels of the overweight group were found to be sig-
nificantly higher than the normal group (respectively; 
p=0.012, p=0.031), and the CRP level of the morbidly 
obese group was significantly higher than the obese 
group (p=0.006). There was no statistically significant 
difference between the groups in age, glucose, TC, and 
LDL-C values (Table 1). There was a moderate positive 
correlation between BMI and insulin, HOMA-IR, CRP, 
and uric acid (respectively; r=0.475, r=0.484, r=0.533, 
r=0.521) (p<0.001), and a weak correlation between 
BMI and fibrinogen (r=0.327) (p<0.001) (Table 2). 

 DISCUSSION 
In studies, it has been found that adipose tissue in 
obese individuals produces increased amounts of in-
flammatory mediators and that inflammatory cells are 
more numerous when compared to adipose tissue of 
non-obese individuals.17,18 In our study comparing 
CRP, uric acid and fibrinogen levels between BMI 
groups, a significant difference was observed in uric 
acid levels in the normal and overweight groups, and 
in CRP levels in the obese and morbidly obese 
groups. In addition, a significant positive correlation 
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p-values of statistical tests 
Normal n=25 Overweight n=56 Obese n= 53 Morbidly obese n=15 Kruskal-Wallis Mann-Whitney U 

Age (year) 32 (26-37) 32 (26-38) 31.5 (27-40) 35 (30-43) 0.460 NS 
BMI (kg/m2) 23.1 (22.1-24.4) 27.5 (26.2-28.7) 33.8 (31.5-36.9) 43.4 (40.7-49.2) <0.001 <0.001a,b,c,d,e,f 
Glucose (mg/dL) 88.0 (82.5-96.5) 89.0 (85.3-95.7) 90.0 (85.0-95.5) 92.0 (86.0-98.0) 0.521 NS 
Insulin (µIU/mL) 7.1 (4.9-8.8) 7.9 (5.7-10.2) 10.3 (8.6-14.3) 12.8 (6.7-19.3) <0.001 <0.001b,d, 0.001c, 0.005e 
HOMA-IR 1.5 (1.2-1.9) 1.8 (1.3-2.3) 2.3 (1.9-3.3) 3.1 (1.6-4.4) <0.001 <0.001b,c,d, 0.004e 
TC (mg/dL) 171 (139-190) 183 (162-203) 181 (162-211) 170 (158-208) 0.314 NS 
TG (mg/dL) 67 (61-90) 88 (69-119) 106 (76-156) 131 (76-210) 0.001 0.031a, 0.002b,0.005c,0.048d,0.029e 
LDL-C (mg/dL) 92 (71-120) 111 (94-126) 112 (93-136) 103 (91-135) 0.078 NS 
HDL-C (mg/dL) 59 (50-73) 54 (49-63) 47 (44-54) 48 (41-56) <0.001 0.001b,d,0.004c,0.017e 
CRP (mg/dL) 0.33 (0.33-0.33) 0.33 (0.33-0.33) 0.33 (0.33-0.76) 0.86 (0.34-1.35) <0.001 <0.001b,c,e,0.003d,0.006f 
Uric Acid (mg/dL) 3.5 (2.9-3.9) 3.8 (3.4-4.3) 4.5 (3.8-4.9) 4.9 (4.2-5.5) <0.001 0.012a,<0.001b,c,d,e 
Fibrinogen (mg/dL) 301 (273-355) 321 (295-363) 356 (313-394) 384 (327-415) 0.003 0.004b,0.002c,0.047d,0.027e 

TABLE 1:  The comparison of biochemical and anthropometric parameters of groups.

a: Normal vs overweight, b: Normal vs obese, c: Normal vs morbidly obese, d: Overweightvs obese, e: Overweight vs morbidly obese, f: Obese vs morbidly obese; Data were ex-
pressed as median (interquartile range); NS: Non-significant (p>0.05); BMI: Body mass index; HOMA-IR: Homeostasis Model Assessment of Insulin Resistance;  
TC: Total cholesterol; TG: Triglyceride; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density lipoprotein cholesterol.
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was found between HOMA-IR and CRP, uric acid 
and fibrinogen levels. 

In our study, as BMI increased, TG levels in-
creased and HDL-C levels decreased. There was no 
statistically difference in TG only between the obese 
and morbidly obese groups, and HDL-C between both 
normal and overweight and obese and morbidly obese 
groups, while a significant difference was found be-
tween the other groups. There was no significant dif-
ference between LDL-C and TC levels and BMI. In 
the study conducted by Abbasi et al., high TC, TG, 
and LDL-C levels and low HDL-C levels were found 
in obesity.19 In another study conducted by Baskın et 
al., it was reported that HDL-C levels were lower and 
TG levels were higher in obese compared to the con-
trol group, and no significant difference was observed 
in terms of TC and LDL-C levels.20 

In our study, it was determined that there was a 
significant relationship between obesity and HOMA-
IR and insulin, and HOMA-IR and insulin values in-
creased with weight gain. In the study of Hancı et al., 
it was found that there was a significant difference 
between the groups made according to BMI in terms 
of insulin and HOMA-IR and a positive relationship 
in the whole group.21 In another study, insulin and 
HOMA-IR levels were higher in obese patients com-
pared to the control group.20 

In our study, there was a statistically difference in 
CRP levels between the groups with the exception of 
the normal weight and overweight groups. It was 
found that BMI and CRP levels were significantly re-
lated, and there was an increase in CRP levels with 
weight gain. In the study of Visser et al., it was deter-
mined that the CRP values of both overweight and 
obese individuals were higher than those of normal 
weight.22 In the study of Bastard et al., serum CRP 
levels were found to be higher in both diabetic and 
non-diabetic obese patients compared to healthy nor-
mal-weight individuals.23 In the study by Missel et al., 
it was found that high fasting insulin levels were as-
sociated with high CRP levels. It has been suggested 
that therapeutic approaches that reduce insulin levels 
may provide additional anti-inflammatory effects.24 

In our study, we observed that as BMI increased, 
plasma uric acid levels increased and were statisti-
cally significantly associated with BMI. Similarly, in 

the study of Çarlıoğlu et al., uric acid levels were 
found to be significantly higher in obese compared 
to control and overweight groups.25 In a study in-
cluding 130 male patients, the uric acid levels of the 
group with BMI≥25 kg/m2 were found to be signifi-
cantly higher than those with BMI<25 kg/m2.26 In the 
study of Lippi et al. in which they compared the hy-
peruricemic and normouricemic groups, they stated 
that HDL-C, TG, and TC/HDL-C levels were signif-
icantly higher in hyperuricemics.27 In a study of 6,027 
individuals, uric acid levels were positively correlated 
with fasting glucose, fasting insulin, and HOMA-IR. 
It has been reported that uric acid levels are inde-
pendently associated with insulin resistance and in-
dividuals with hyperuricemia are at high risk for 
diabetes.28 Studies have suggested that high uric acid 
levels are an independent risk factor for obesity, and 
increased uric acid may be an additional component 
of metabolic syndrome.29,30 

In our study, it was observed that fibrinogen val-
ues increased with the increase in BMI and there was 
a relationship between obesity and fibrinogen. Koçak 
et al. found that the plasma fibrinogen level in obese 
individuals was higher than in the control group.31 In 
the study of Keskin et al., similar to our results, 
plasma fibrinogen levels of obese subjects were found 
to be statistically higher than non-obese subjects.32 In 
the study of Gómez-Ambrosi et al., higher fibrinogen 
concentrations were found in obese patients compared 
to non-obese subjects, and a strong correlation was 
observed between HOMA values and fibrinogen.33 

The limitations of our study are that it was sin-
gle-centre, normal CRP levels were evaluated instead 
of high-sensitivity CRP, only women were included 
in the study, and it was insufficient to reflect the char-
acteristics of the general population. 

 CONCLUSION 
CRP, uric acid, and fibrinogen parameters are asso-
ciated with BMI and HOMA-IR and play a role in the 
development of obesity-related diseases. We think 
that uric acid levels in the early stage of obesity and 
CRP levels in the advanced stage may be a guide for 
insulin resistance and obesity-related diseases. For 
this reason, close weight monitoring, follow-up, and 
treatment in terms of hyperinsulinemia and insulin 
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resistance may be beneficial in individuals with high 
uric acid levels. We think that clinical studies evalu-
ating the effects of agents used to improve glycemic 
control on uric acid, CRP, and fibrinogen, which ap-
pear to be related to HOMA-IR, are necessary. 
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